This is the first report on the ultrastructure of eggs in the cestode family Amabiliidae Braun, 1900. The gravid proglottides of Tatria biremis easily detach from the strobila. Their thick-walled saccate uterus contains numerous rounded or oval eggs measuring about 30-32 μm in diameter. In the early preoncospheral phase, three primary embryonic envelopes are formed around the developing and differentiating embryos, namely: (1) vitelline capsule originating from vitellocyte material; (2) outer envelope formed by two macromeres, and (3) inner envelope originating from a fusion of three mesomeres. Thus, both the outer and inner envelopes of T. biremis eggs are cellular in origin and syncytial in nature. During egg maturation, the three primary embryonic envelopes undergo differentiation into fully formed oncospheral or egg envelopes. Most significant changes were observed in the inner envelope which becomes progressively subdivided into 3 sub-layers: the extra-embryophoral sub-layer, the embryophore, and the intra-embryophoral sub-layer, containing mesomere nuclei. The mature hexacanth is covered by a thin layer of the oncospheral tegument. Within the infective hexacanth larva, five cell types were distinguished: (1) a binucleated subtegumental cell; (2) U-shaped penetration gland; (3) nerve cells; (4) somatic cells representing the myocytons of both somatic and hook musculature, and (5) large germinative cells. Ultrastructural characteristics of T. biremis eggs are compared with those described in representatives of other cestode taxa. Since the functional ultrastructure of cestode egg envelopes is defined by multiple factors such as the type of life cycles, habitats and behaviour of the intermediate hosts, mode of the intermediate host infection, etc., ultrastructural studies of the greater diversity of cestodes are needed to obtain comparative data for fruitful analysis of cyclophyllidean cestode adaptations to their diverse life cycles.
Introduction
The cestode family Amabiliidae Braun, 1900 includes small to medium-size tapeworms parasitic in birds and belonging to only six or seven genera, according to different taxonomic views. This family, initially established as a subfamily within Taeniidae by Braun (1900) and raised to family rank by Fuhrmann (1907) , is characterized by the presence of secondary supplementary ducts associated with female reproductive organs. No information was available until now on the egg ultrastructure in any member of the Amabiliidae. The oncospheral or egg envelopes play an important role in protection, nutrition, and metabolism of the developing embryo and infective oncospheres (Rybicka egg from pregravid proglottis showing the enlarged layer of vitelline capsule, thick layer of the outer envelope with large macromere nucleus; the inner envelope is at the beginning of its differentiation. Note: accumulation of dense islands of embryophore material situated below the outer membrane of the inner envelope and three mesomere nuclei localized within the cytoplasmic layer under the newly formed embryophore. C -fully formed oncospheral envelopes in mature eggs. Note: (1) Persisting relatively thick layer of the vitelline capsule with its elongated processes; (2) much reduced volume of the outer envelope with flattened electron-dense macromere nucleus and several large mitochondria; and (3) evident differentiation of the inner envelope into three sub-layers: the thick extra-embryophoral sub-layer, the continuous embryophore and the thin intra-embryophoral sub-layer containing degenerating mesomere nuclei Egg ultrastructure of Tatria biremis 271 ological adaptations of amabiliids to these particular hosts. There are also some long-standing problems in the systematics of the group, most importantly the relationship of the type genus Amabilia Diamare 1893 parasitic in flamingos, to all other members of the family, parasitic in grebes. Although this is not a subject of the present study, ultrastructural data may have the potential to contribute positively to the resolution of this problem as well.
The aim of the present study is to describe the egg ultrastructure of the amabiliid cestode Tatria biremis Kowalewski, 1904 , with an emphasis on the characteristics of their oncospheral envelopes.
Materials and Methods
Adult specimens of T. biremis Kowalewski, 1904 were obtained from the Black-necked Grebe Podiceps nigricollis (Brehm) collected in the Kherson Region, Ukraine. For morphological examination, the tapeworms were killed with hot 4% formalin, postfixed in 70% ethanol and stained with iron acetocarmine after Georgiev et al. (1986) . For TEM study, tissue samples from mature and gravid proglottides were quickly rinsed in saline and fixed for 2 h in 2.5% glutaraldehyde, buffered to pH 7.4 with 0.1 M sodium cacodylate buffer, washed for 2 hours in the same buffer and postfixed for 1 h in Figs 2. Part of the egg in advanced preoncospheral phase showing high magnification of the vitelline capsule enlarged and infolded in some regions and the syncytial layer of the outer envelope containing in its outermost part a large nucleus of macromere with prominent electrondense nucleolus, numerous free ribosomes and several large mitochondria. Note: the difference in ultrastructure of the internal and external part of outer envelope; its internal part becomes amorphous and showing randomly dispersed flocculent material. Fig. 3 . High power magnification of the peripheral part of three closely adjacent eggs at preoncospheral phase. Note: (1) extended regions of the vitelline capsules showing presence of much infolded lamellae and GER-like cisternae; (2) the external part of outer envelope showing high concentration of free ribosomes and several large mitochondria with numerous elongated cristae. Inset: details of elongated mitochondrial cristae and its matrix. Fig. 4 . Enlarged details of all oncospheral envelopes in a mature egg showing (1) evident differences in the volume of the outer envelope and three sub-layers of the inner envelope; (2) the presence of the vesicles and granules of different size and electron-density situated between oncospheral membrane and oncospheral tegument. Note: somatic musculature closely adjacent to oncospheral tegument Vasyl Tkach et al. 272 2% osmium tetroxide. They were then dehydrated in an ethanol series, infiltrated with propylene oxide and embedded in Spurr's epoxy resin. Ultrathin sections were mounted on uncoated copper grids, double stained with lead citrate and uranyl acetate and examined with a JEM-1200EX electron microscope operated at an accelerating voltage of 80 kV.
Fig. 5.
General topography of the entire fully formed, invasive, egg. Note: (1) the outer vitelline capsule of different thickness; (2) relatively thin, much reduced, layer of the outer envelope, still containing flattened, elongated, moderately electron-dense macromere nucleus and several large mitochondria adjacent to limiting plasma membrane of this envelope; (3) the inner envelope subdivided into three layers of different thickness and ultrastructure: a thickest extra-embryophoral part, containing only an amorphous, flocculent material; relatively thick, highly electron-dense and homogeneous embryophore; and very thin sub-layer of intra-embryophoral part; (4) the oncospheral membrane consisting of two closely apposed plasma membranes frequently adjacent to the oncospheral tegument or to the inner plasma membrane of the inner envelope; (5) the fully formed hexacanth larva covered by oncospheral tegument, armed with oncospheral hooks, and containing different cell types and structures such as: somatic and germinative cells, somatic and hook musculature, penetration gland with characteristic secretory granules Egg ultrastructure of Tatria biremis
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The terminology of cestode embryonic envelopes in different developmental stages is after Conn and Świderski (2008) .
Results
The uterus of Tatria biremis is usually saccate and relatively thick-walled; gravid proglottides easily detach from the strobila. They contain numerous rounded or oval eggs which measure about 30-32 μm in diameter/length. In the early preoncospheral phase (Fig. 1A-B) , three primary embryonic envelopes are formed: (1) vitelline capsule originating from vitellocyte material; (2) outer envelope is formed by two macromeres, and (3) inner envelope originating from a fusion of three mesomeres. Thus, both outer and inner envelopes in this species are cellular in origin and syncytial in nature. During advanced stages of the oncospheral differentiation these three primary envelopes undergo further differentiation and transform into oncospheral or egg envelopes surrounding invasive hexacanth larvae (oncospheres). The maturation of each envelope is described below.
Egg envelopes
The delicate membranous vitelline capsule, formed of the material originating from vitelline cells, is initially thin and delicate, (Figs 1A-C, 2-4), but always remains visible in the fully formed eggs at the outer surface of the outer envelope, as a more or less thick region (Figs 2-5). In the advanced preoncospheral stage the vitelline capsule becomes enlarged and infolded (Figs 1B, (2) (3) . Its extended regions show presence of folded lamellae and GER-like cisternae (Figs 2-3) . The capsule persists in fully formed eggs as a continuous outermost layer of different thickness surrounding oncospheres.
The outer envelope is formed by a fusion of two large macromeres in the preoncospheral phase of the egg formation; it is the thickest of all oncospheral envelopes at this stage of egg development ( Fig. 1B and 2 ). It consists of a thick layer of syncytial cytoplasm containing large nuclei of macromeres with prominent electron-dense nucleoli (Fig. 2) . The peripheral layer of the outer envelope also contains numerous large mitochondria with long cristae (Figs 2-4) , free ribosomes and polyribosomes localized mainly in the external layer of its cytoplasm. At the same time, the inner layer becomes progressively amorphous and only shows minute randomly dispersed granules of flocculent material (Fig. 2) . Along with the maturation of the egg, the volume of the outer envelope undergoes reduction and its organelles, such as nuclei and mitochondria, progressively degenerate. In the fully mature egg, this envelope appears as a relatively thin layer of amorphous structure, containing much flattened, moderately electron-dense macromere nuclei, several mitochondria and very thin granular layer of tightly packed ribosomes ( Figs 1C, 4-5) .
The inner envelope of T. biremis in the preoncospheral phase undergoes differentiation and transformation in both its ultrastructure and volume. At the beginning of its differentiation the inner envelope is thinner than the outer envelope ( Figs  1B and 2 ). However, with the egg maturation, the inner envelope increases in volume and forms three evident sub-layers of different thickness and ultrastructural characteristics (Fig. 2) . In mature eggs it is generally amorphous, much thicker than the outer envelope and subdivided into following sub-layers:
(1) the thickest extra-embryophoral part, containing only amorphous flocculent material; (2) a relatively thick, highly electron-dense and homogeneous embryophore; and (3) a very thin intra-embryophoral sub-layer containing usually flattened nuclei of mesomeres and remnants of other cell organelles ( Figs 1C, 5) .
The oncospheral membrane is formed in the late preoncospheral phase by delamination of the inner membrane of the inner envelope. In the mature eggs of T. biremis the oncospheral membrane (Figs 1C, 4-5) is well defined, but not always clearly visible when observed or examined on the micrographs of eggs at low magnification. It frequently adheres to two adjacent surfaces and appears not well separated from the inner membrane of the inner envelope and/or from the oncospheral surface. The oncospheral membrane consists of two closely apposed plasma membranes. In the mature eggs, it is usually detached from the inner envelope (Figs 4 and 5). In some regions it can be closely adjacent to the oncospheral surface or to the inner plasma membrane of the inner envelope.
Oncosphere
The infective oncosphere of T. biremis shows evident bilateral symmetry in its cellular organization. The mature hexacanth is armed with three pairs of oncospheral hooks of a heterogeneous electron density (Figs 1C, 5) . It is covered by a thin layer of the oncospheral tegument (Figs 4-5) . Within the infective hexacanth larva five cell types were distinguished: (1) a binucleated subtegumental cell; (2) a U-shaped penetration gland with characteristic secretory granules; (3) nerve cells; (4) two types of somatic cells representing myocytons of both somatic and hook musculature, and (5) large germinative cells with characteristic prominent nucleoli in their large spherical nuclei (Fig. 5) . Functions of all the cell types are described on the basis of their ultrastructural characteristics and comparison with previously published data on other cestode species. The mode of the penetration gland secretion is classified as apocrine. (Kukashev 1983) . The gravid uterus in members of Tatria is thick-walled with eggs tightly packaged in the middle of the proglottis (Fig. 7) and it is likely that in most cases the intermediate host consumes the whole proglottis rather than individual eggs, thus causing multiple infections in the host. The proglottides morphology of T. biremis (and a majority of other Tatria) is highly peculiar and characterized by the presence of contractile lateral extensions ( Fig. 7 ; also see Ryjikov and Tolkacheva 1981, Vasileva et al. 2003a, b) as an adaptation to attract a potential intermediate host (corixid hemipterans and odonate larvae are active predators). Probably, because of this mode of transmission, eggs of T. biremis do not demonstrate any obvious morphological or ultrastructural adaptations to the aquatic life cycle and/or dispersion as described in some hymenolepidid cestodes with aquatic life cycles (Jarecka 1961; Chomicz and Świderski 2004) . In spite of the fact that the detached gravid proglottides of this tapeworm are also deposited in aquatic environments, its egg envelopes surrounding mature hexacanths are quite different. In our opinion, the oncospheral envelopes of T. biremis show greater resemblance to egg envelopes typical of hymenolepidids with terrestrial life cycles, mainly parasites of mammals (Fig. 6) . It should be noticed that the majority of previous studies on the functional ultrastructure of oncospheral envelopes in cestodes were done on this family of cestodes. The schematic comparison of the ultrastructure of mammalian hymenolepidids studied so far is presented on Fig. 6 . Notably, the egg envelopes of T. biremis are more similar to the envelopes of Pseudhymenolepis redonica and Ditestolepis tripartita that have capsule-like egg-protecting structures of uterine origin Swiderski, 1997, 1998) , than to the envelopes of Rodentolepis nana, Rodentolepis microstoma and Hymenolepis diminuta lacking any additional egg protection.
Discussion
The general pattern of the oncospheral envelope origin, formation and early differentiation in T. biremis is similar to that described in other cyclophyllideans (Świderski 1968 , 1975 Swiderski and Tkach 1997a, b; Rybicka 1972; Świderski 1998, Młocicki et al. 2005) and some proteocephalideans Subilia 1988, Młocicki et al. 2010a) . In spite of a great similarity observed in the early stages of the embryonic development, the mode of differentiation of the three primordial embryonic envelopes (the vitelline capsule, outer and inner envelopes) into the fully formed egg envelopes appears somewhat different in each species. In the egg envelopes of T. biremis, the most evident changes take place in the ultrastructure of the inner envelope. This initially homogeneously structured layer becomes progressively subdivided into 3 sub-layers: the extra-embryophoral sub-layer, the hard, electron-dense embryophore and the intra-embryophoral sub-layer.
The egg envelopes of T. biremis differ from those described in several other cyclophyllidean families which exhibit types of egg envelope differentiation and ultrastructure (after Fairweather and Threadgold 1981) , Hymenolepis diminuta (from Fairweather and Threadgold 1981 , after Lethbridge 1976 , Pence 1970 , Rybicka 1972 , Rodentolepis microstoma (after Świderski 1975, 1981) , Pseudhymenolepis redonica (after Tkach and Świderski 1997) , Ditestolepis tripartita (after Świderski and Tkach 1997) and Tatria biremis (present study). Note the difference and thickness of corresponding layers of different species, unusual position of the embryophore in R. nana and presence of thick egg outer coat in species from rodents (upper row) and its absence in hymenolepidids of soricomorphs (lower row) and T. biremis. Modified after Tkach and Świderski (1998) that are frequently characteristic for each family. For example, the ultrastructure of anoplocephalid eggs with very robust and thick protective envelopes as described in Anoplocephaloides dentata by Świderski et al. (2001) and in Mosgovoyia ctenoides by Młocicki et al. (2005) , shows differentiation of a characteristic embryophore in the form of the pyriform apparatus. Development and ultrastructure of a similar type of the embryophore was described by Świderski (1968, 1972) in the eggs of Catenotaenia pusilla. In contrast, a certain degree of reduction of one or more egg envelopes is evident in cestode species possessing special uterine and/or parenchymatic protective capsules, e.g., nematotaeniids Cylindrotaenia hickmani (see Jones 1988) and Nematotaenia dispar (see Świderski and Tkach 1997b) , mesocestoidid Mesocestoides lineatus (see Conn 1988) , inermicapsiferine anoplocephalid Inermicapsifer madagascariensis (see Świderski and Tkach 2002) , a dipylidiid Dipylidium caninum (see Pence 1967) or two linstowiids Oochoristica anolis (see Conn 1985) and Oochoristica agamae (see Świderski and Subilia 1988) .
The so-called "hook-region membrane" described in the eggs of numerous cestode species (Świderski 1968, 1972, Tkach et al. 276 1975 , 2008 , Młocicki et al. 2006 , Jabbar et al. 2010a was not observed in the eggs of T. biremis. However, the exact origin and nature of membranous vesicles and granules frequently observed in this species between the oncospheral membrane and the oncosphere surface remains unclear. They may potentially represent the remnants of a degenerating hookregion membrane as previously described in N. dispar (see Świderski and Tkach 1997b) , penetration gland secretion (Swiderski and Tkach 2002; Młocicki et al. 2006 Młocicki et al. , 2010b or a by-product of the oncospheral tegument formation (Fairweather and Threadgold 1981) .
The ultrastructure of hexacanth larvae was not examined here in detail. Detailed studies of the oncospheral cell types and their numbers should be always based on serial semi-thin and, if possible, serial thin sections. However, the preliminary results allow us to conclude that the general topography and ultrastructure of cell types in the eggs of T. biremis correspond to those previously described in oncospheres of other cyclophyllideans (Świderski 1972 , 2008 Świderski and Tkach 1997b , Tkach and Świderski 1997 , Młocicki et al. 2006 , Jabbar 2010a .
The functional ultrastructure of cestode egg envelopes is defined by multiple factors, such as type of life cycle (aquatic or terrestrial), habitats and behaviour of the intermediate hosts, mode of the intermediate host infection, etc. Due to this complexity it is difficult to evaluate potential phylogenetic implications of certain characteristics in individual species or higher taxa. Future ultrastructural studies of a greater diversity of amabiliids and other presently neglected cestode families are needed to obtain additional comparative data for fruitful analysis of cyclophyllidean cestode adaptations to their diverse life cycles.
